Abstract. The design of Compact Antenna Test Range (CATR) is a challenging job. To achieve desired electromagnetic characteristics, choosing an appropriate algorithm for the proper design of the reflector with electrically large size is necessary. The comparison of Multilevel Fast Multipole Method (MLFMM) and Physical Optics (PO), which are the most two common algorithms used in reflector design, are performed in this paper to verify the necessity of MLFMM firstly. Then we design a novel reflector used in CATR with aperture size of 8.7m×6.9m and quiet zone size of Ф2m×2m, noting that all the design and simulation in this paper are on the basis of Boundary Element Method (BEM) module in the RainbowStudio [1] .
Introduction
The CATR is the generic term of one kind of electromagnetic measurement device, which can convert spherical wave generated by the point source to plane wave to simulate the far-field test condition in a short distance using collimator with high precision, and the major form of collimator is the reflector. The CATR is usually built in the anechoic chamber covered by absorbing material, and it can be used to measure the antenna parameter and RCS, et.al. [2] The CATR technology comes to mature since 1970s, although the theoretical research about CATR has been perfected and the demand for its construction is increasing fast in domestic [3] , the reflectors in CATR at home in present are mainly dependent on import, and the ultimately reason of this phenomenon lies in the absence of highly effective optimal simulation software, who can complete the core design process to guide the installation of the reflector, analyze machining error, optimize and adjust the serrations, et.al.
In view of the fact that relative foreign authoritative design manufacturers owing exclusive simulation software with independent knowledge property rights, such as March and MI, the function of design and simulation of the reflector in RainbowStudio (short of RS as following) emerges at the right moment. This paper will compare the simulation results of MLFMM and PO about some offset single reflector in RS at first, verifying the necessity of MLFMM. Then an offset single reflector designed by RS with aperture size of 8.7m×6.9m and quiet zone size of Ф2m×2m is presented.
Simulation Results Comparison Between MLFMM and PO
As a kind of full-wave algorithm, MLFMM is widely used with the property of high speed and acceptable accuracy compared with Method of Moment (MoM), but in terms of electromagnetic model with electrically large size, it will consume lots of time and computer resources, and then affect the simulation progress. While in contrast with MLFMM, PO is an efficient high-frequency approximation algorithm with advantages, but is accuracy remains to be turned over. These two algorithms are used to simulate the amplitude and phase on the vertical cross section passing through the centre of quiet zone of some offset single reflector on the same condition, using 1GHz and 20GHz as the observing point frequency at low frequency and high frequency respectively with all data normalized. 
Analysis of Simulation Results
According to the simulation results above, there are significant differences between MLFMM and PO at 1GHz, especially in the middle interval of quiet zone, which will affect the adjustment of quiet zone range, while their performance are almost the same at 20GHz. In terms of simulation time at low frequency, the gap of them is within acceptable limits. We can draw the conclusion that MLFMM shall be used at low frequency, while PO at high frequency, and the following section is on the basis of this with no more detailed description.
Design of an Offset Single Reflector with Quiet Zone Size of 2m
The reflector under design operates at 1GHz to 40GHz with aperture size of 29λ×23λ, focal distance of 7.37m, and each serration length of 5λ, where λ represents the wavelength of the lowest operation frequency. The serration number on the top and bottom side is 8 respectively, and 6 on each side of right and left, while only one serration on the corner as can be seen from Figure 3 . 
Deduction of Back of Quiet Zone Location
According to the equations in literature [4] , the back of quiet zone location from vertex is 7.605m to 20m. In consideration of the fact that the largest size of anechoic chamber is 19.5m and it should be dimensioned with adequate capacity for the reflector and absorbing material, the back of quiet zone location is finally determined to be 7.605m to 14.15m, and the following simulation is based on this location. Figure 4 to Figure 7 gives the simulation result of cross section between 7.605m to 14.15m, and the main polarization amplitude and phase of cuts at 7.605m, 13.15m and 14.15m at 1GHz and 5GHz, respectively. It should be noted that the top and right axes belong to the dash blue curve, and the 1dB horizontal line is plotted to adjust the quiet zone roughly in Figure 5 It is obvious in Figure 4 that the electric field fluctuates dramatically at 7.605m, while it distributes equally nearby 14.15m with perfect uniformity, and this can be proved in Figure 5 to Figure 7 .
Primary Simulation

Extensive Simulation
We get the conclusion that there may exists equally-distributed electric field behind 14.15m with possibility from section2.2, then the simulation of cross section is repeated between 8m to 20m, as shown in Figure 8 The simulation results show that the electric field distributes equally between 13.15m to 15.15m, and the simulation result of cuts at 15.15m is given in Figure 9 , while that at 13.15m and 15.15m is provided in section2.2. The quiet zone distribution meets certain uniformity requirement at 15.15m as seen in Figure 9 , and the fluctuation range of front and back of the quiet zone from 13.15m to 15.15m is less than 0.25dB according to Figure 8b ), then we set the quiet zone range between 13.15m to 15.15m. As all phase variations meet requirements in Figure 6 , Figure 7 and Figure 9 , we just plot the fitted curved to verify the amplitude performance. The main polarization amplitude of original and fitted cuts at 13.15m, 14.15m and 15.15m at 1GHz and 40GHz is shown in Figure 10 to Figure 12 According to the data analysis from Figure 10 to Figure 12 , the largest amplitude ripple is ±0.13dB and the largest amplitude taper is 0.6dB at 1GHz, while the largest amplitude ripple is ±0.05dB and the largest amplitude taper is 0.5dB at 40GHz, which completely satisfy the condition of amplitude ripple≤±0.5dB and amplitude taper≤1dB.
Conclusion
This paper offers the simulation comparison between MLFMM and PO of some offset single reflector on the same condition to verify the necessity of MLFMM at low frequency and PO at high frequency firstly, then an offset single reflector with quiet zone size of 2m is designed with traditional method, and the fitted curves are plotted at the front, middle and back of quiet zone respectively, and we find that the required parameters of quiet zone hit the spot from 13.15m to 15.15m.
